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ABSTRACT 
Citrus fruits are subject to many postharvest phytopathogenic fungi that cause severe economic losses. The 
most attacks are mainly due the genus Penicillium spp. The treatment of these fungi uses a lot of chemicals 
that  negatively  affect  environment  and  human  health.  Our  study  aims  to  test  the  antifungal  activity  by 
fumigation of two plants and a new chemical pesticide at the station Agrumar Souss, Ait Melloul. Plants and 
pesticide Deccofenato pot were used as fumigation in order to disinfect the storage rooms. The pesticide was 
fumigated in the storage rooms while the areal parts of Artemisia herba alba and the seeds of Peganum 
harmala were fumigated in hermetically closed chamber installed in the storage room. They were burned 
using the electric resistance, while the pesticide is already formulated as a fumigant. The results obtained 
show that both the two plants are very effective to reduce the infestation rates caused by Penicillium spp. 
Artemisia herba alba and Peganum harmala used respectively at the doses of 25 and 35 g/m
3 inhibited 100% 
the viability of spores of Penicillium spp as well as the pesticide used at 1 g/m
3. 
Keywords: Artemisia herba alba, Peganum harmala, storage room, Deccofenato pot, Fumigation, 
Penicillium spp.  
 
I.  INTRODUCTION 
Penicillium  digitatum  and  Penicillium 
italicum  cause  losses  of  about  90%  of  all  losses 
caused by fungi of postharvest citrus [1]. The control 
strategy used against these diseases is mainly based 
on the use of chemical specialties. In order to prevent 
and  inhibit  the  development  of  these  fungi,  only 
chemical  fungicides  are  currently  employed. 
However,  these  products  are  harmful  to  the 
environment and human health by the persistence of 
residues  on  fruits  [2],  the  emergence  of  resistant 
forms [3; 4; 5]  and the accumulation  fungicides  in 
human  adipose  tissue  [6].  Recognizing  this  reality, 
the consumer requires more chemical free foods. It is 
in this context that it became necessary to test new 
chemical  and  biological  specialties  alternatives  to 
existing ones. 
The effectiveness of the smoke of the aerial parts of 
Artemisia herba alba and seeds of Peganum harmala 
has  been  studied  in  order  to  reduce  infection  by 
spores  of  Penicillium  spp  in  a  cold  room  of  the 
packing citrus station Agrumar Souss. This efficacy 
was compared with that of a new chemical used in 
disinfection of storage room.  
 
 
 
II.  Material and methods 
1.1  Biological material  
Artemisia herba alba and Peganum harmala 
were  selected  for  this  study  because  of  their 
ethnobotanical use [7]. The plants were harvested at 
physiological maturity stage in two different regions: 
Artemisia  herba  alba  in  Tizi  n'test  and  Peganum 
harmala  in  chichaoua.  Seeds  of  P.  harmala  were 
obtained from the dried globular fruits,  whereas  A. 
herba alba, aerial parts were dried in a dry and shady 
place. 
 
1.2   Preparation of culture medium 
PDA  medium  (potato  dextrose  agar)  was 
sterilized for 20 min at 120 ° C. After autoclaving 
and cooling of the medium at a temperature of about 
45 °C, 15 ml of the solution were pooled into Petri 
dishes of 90 mm of diameter. Trapping spores was 
done before and after treatment by fumigation of two 
plants  in  hermetically  closed  chamber  and 
Deccofenato pot in storage rooms. For this we used a 
trapping apparatus called aerobiocollector on which 
is deposited the Petri dish containing PDA medium. 
The aerobiocollector was to 10L of air / min. 
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1.3   Evaluating the effectiveness of smoke from 
the aerial parts of A. herba alba and P. 
harmala against the spores of Penicillium 
spp 
To  evaluate  the  antifungal  activity  of 
fumigation of the storage room by burning the aerial 
parts of Artemisia herba alba and the seeds of the 
Peganum harmala, the method of incineration by an 
electric  stove  was  used.  The  experimental  material 
consists  of  two  hermetically  closed  chambers 
installed in the storage room. They consist of pieces 
of wood and plastic with a thickness of 220 microns 
to a volume of 0.5 m
3 raised from soil by 1m. The 
two chambers were contaminated by depositing 15 by 
Penicillium spp rotten fruit for a period of 5 days. 
This period was determined after several preliminary 
tests. The aerial parts of A. herba alba or the seeds of 
P. harmala were deposited under galvanized tray on 
the electric stove 100 KWH. The smoke is directed to 
the chamber via a PVC tube. A control without plant 
was  also  used.  After  the  fumigation  of  the  two 
chambers  by  A.  herba  alba  aerial  parts  and  P. 
harmala seeds, the chambers have been sealed for a 
period  of  12  hours.  The  infestation  rates  were 
evaluated  before  and  after  fumigation.  Preliminary 
tests  have  allowed  us  to  select  doses  for  studying 
plants, and the doses used for both plants were: 5; 10; 
15; 20, 25, 30 and 35 g/m
3 of air. Four repetitions 
were prepared for each dose. The Petri dishes were 
incubated at 25 °C for 5 days.  
 
1.4  Treatment of the storage rooms room with 
the product Deccofenato pot 
Deccofenato pot is a white powder packed in 
tins  of  250  g  each.  This  powder  contains  the  two 
active  ingredients:  orthophenylphenol  30  %  w  /  v 
(300  g  /  L),  2-  phenylphenol  and  biphenyl-2  -ol, 
potassium chloride 16 % w / v (160 g / L). 
The storage cold rooms are the property of 
the  cooperative  Agrumar  Souss  located  in  Ait 
Melloul industrial area. Four rooms No: 7, 8, 9 and 
12 were used for the disinfection by Deccofenato pot, 
each with 1,600 m
3 of volume. The disinfections take 
place when the rooms are empty. The air trapping for 
each  room  was  done  in  four  replications  using  the 
aerobiocollector. This latter contains Petri dishes with 
the PDA medium prepared as above. The Penicillium 
spp spores were trapped before and after application 
of the fungicide. Samples were placed in an incubator 
at  25  °  C  ±  1  °  C  for  5  days.  The  fungicide  was 
applied  as  recommended  by  the  formulator  of  this 
specialty and at the dose of 1 g/m
3 of the air. 
 
1.5  Calculation of the percentage of the 
infestation 
The  results  reading  was  done  by  direct 
counting the number of colonies developed using a 
colony counter (UFC/ Petri dishes). The percentage 
reduction of the infestation by the smoke from each 
plant  at  different  concentrations  and  also  for  the 
fungicide was determined by the following formula: 
 
with:  
X : Estimation of infestation by  Penicillium spp in 
the control . 
Xi : Estimation of infestation by Penicillium spp in 
treated ( test ) . 
 
1.6  Statistical analysis   
The collected results are presented as averages 
of 4 replicates after having statistically analyzed by 
SPSS  15  software.  To  determine  any  differences 
between  treatments,  analysis  of  variance  was 
performed  to  a  single  criterion  of  classification.  If 
there are significant differences, the Newman -Keuls 
test  (P    0,05%)  was  used  to  highlight  the 
homogeneous classes. 
 
III.  RESULTS AND DISCUSSION 
The results presented in Figure 1 and table 1 
show  that  the  fumigation  using  the  aerial  parts  of 
Artemisia  herba  alba  and  the  seeds  of  Peganum 
harmala is very effective to reduce the viability of 
spores of Penicillium spp. A. herba alba was more 
inhibitory of spore viability of Penicillium spp than 
the smoke of the P. harmala at the of dose 15 g / m
3. 
At  this  dose,  the  percentage  of  the  infestation 
reduction was at 98,62 % and 89,67% for A. herba 
alba  and  P.  harmala  respectively.  According  to 
statistical analysis, 100% of the infestation reduction 
was achieved at 25g/m
3 for the smoke of A. herba 
alba and at 35g/m
3 for P. harmala smoke (table 1). 
Figures 2 and 3 show the results obtained for each 
plant we can also note that the decrease in the rate of 
infection  by  Penicillium  spp  increases  with 
increasing doses for both plants. 
 
Figure 1: Antifungal activity of the smoke of the 
aerial parts of Artemisia herba alba and seeds of 
Peganum harmala burned using electric stove on the 
viability of spores of Penicillium spp. 
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different  according  to  the  Newman-Keuls  test  (P   
5%). 
 
Table  1:  Mortality  percentage  of  Penicillium  spp 
spores  using  the  fumigation  of  the  aerial  parts  of 
Artemisia herba alba and seeds Peganum harmala. 
Concentrati
on (g / m
3) 
Artemisia herba 
alba 
Peganum 
harmala 
 0 (Control)  0 e*  0h 
5  93,12d  75,58g 
10  97,13c  81,33f 
15  98,62b  89,67 e 
20  99,3a  92,33d 
25  100a  95c 
30  100a  97,67b 
35  100a  100a 
 
* : Numbers followed by the same letter in the same 
column  are  not  significantly  different  according  to 
the Newman-Keuls test (P 5%). 
 
Figure 2:  Results of trapping Penicillium spp spores 
after fumigation with the aerial parts of Artemisia 
herba alba smoke at the doses of 0 (a), 5 (b), 15 (c) 
and 20 g/m
3 (d). 
 
Figure 3. Results of trapping Penicillium spp spores 
after fumigation with Peganum harmala seeds at the 
doses of 0 (a), 5 (b), 20 (c) and 25 g/m
3 (d). 
 
The results of the antifungal activity of the 
product Deccofenato pot are presented in table 2 and 
figure  4.  This  product  showed  significant  efficacy 
against  Penicillium  spp  dose  of  1g/m
3.  No  fungus 
colony could grow.  
 
Table 2: Results disinfection of cold rooms of Souss 
Agrumar station by the product Deccofenato pot 
 
Cold 
storage 
room N°  
Penicillium  spp 
(UFC/Petri dishes) 
 
Percentage 
of 
infestation  
Before 
treatment 
After 
treatment  
7  300   0   100% 
8   55   0   100% 
9  300   0   100% 
12  200  0   100% 
 
The results of the antifungal activity of the 
product Deccofenato pot are presented in table 2 and 
figure  4.  This  product  showed  significant  efficacy 
against  Penicillium  spp  dose  of  1g/m
3.  No  fungus 
colony could grow.  
 
Figure 4: Results trapping spores Penicillium spp in 
the refrigeration room # 9 disinfected by Deccofenato 
pot control (a) and box room after treatment (b). 
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Complete  inhibition  was  obtained  with  the 
aerial parts of Artemisia herba alba and P. harmala. 
This  efficiency  is  probably  due  to  the  Artemisia 
herba  alba  essential  oils.  Several  authors  have 
demonstrated  the  efficacy  of  the  essential  oil  of 
Artemisia  herba  alba  against  mycelial  growth  of 
plant  pathogenic  fungi;,  on  the  fungus  Fusarium 
oxysporum  Kolai  et  al.  [8],  Aspergillus  Niger  , 
Penicillium  digitatum  and  Penicillium  expansum 
Bencheqroun et al. [9]. The seeds of the P. harmala 
were studied for their antibacterial [7] insecticide [10; 
11] and nematicide [12]. The oil extracted from the 
seeds of Peganum harmala has already been studied 
by  Hassani  Idrissi  and  Elhadek  [13]  the  results 
reveal  that  the  oil  contains  the  alkaloids  beta 
carbolines  as  harmine  and  harmaline.  In  scientific 
investigations Ameziane et al. [14] showed that the 
P.  harmala  seeds  used  as  powder  showed  total 
inhibition  of  mycelial  growth  of  three  fungi  P. 
digitatum , P. italicum and G. candidum. It was also 
reported that the most volatile and antifungal vapors 
reduce spore germination inducing the death of fungi 
tested  [15].  In  a  recent  study,  Khlifi  et  al.  [16] 
reported  that  methanol  extracts  of  Artemisia  herba 
alba, Ruta chalpensis and Peganum harmala showed 
anti- oxidant activity, Cancer and anti-inflammatory 
activities. 
 
IV.  CONCLUSIONS 
It appears from this study that the aromatic 
and  medicinal  plants  used  as  fumigant  have  strong 
antifungal activity against Penicillium spp. Thus, the 
smoke of the aerial parts of Artemisia herba alba and 
seeds  of  Peganum  harmala  proved  inhibiting  the 
viability of spores of Penicillium spp at the doses of 
25 and 35 g/m
3 respectively. At these doses the plants 
were effective as the pesticide Deccofenato pot used 
at 1g/m
3 in the cold storage room of citrus. 
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